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(57) ABSTRACT

A cooling system for a water-cooled internal combustion
engine includes a coolant flow circuit and a coolant return
passage. The coolant flow circuit includes a water pump, a
water jacket having a plurality of serially connected flow
passages, an o1l cooler, a radiator, and a pressure-regulating
valve for discharging coolant to a reservoir tank when pres-
sure of the coolant 1n the coolant flow circuit reaches a pre-
determined target value. The coolant return passage supplies
coolant from the reservoir tank to the coolant flow circuit via
a check valve, which only allows coolant to flow 1 one
direction from the reservoir tank to the coolant flow circuit.

20 Claims, 9 Drawing Sheets
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COOLING SYSTEM FOR AN INTERNAL
COMBUSTION ENGINE INA MOTORCYCLE

CROSS-REFERENCE TO RELATED
APPLICATIONS

The present application claims priority under 35 USC§119
based on Japanese patent application No. 2007-186152, filed
on Jul. 17, 2007. The entire subject matter of this priority
document 1s incorporated by reference herein.

BACKGROUND OF THE INVENTION

1. Field of the Invention

The present mvention relates to a cooling system for a
water-cooled internal combustion engine. More particularly,
the present invention relates to a cooling system having a
pressure-regulating valve and a coolant return passage for
controlling pressure of coolant in the cooling system, and to
an internal combustion engine and a motorcycle imcorporat-
ing the described cooling system.

2. Description of the Background Art

There are several known cooling devices (cooling systems)
for a water-cooled internal combustion engines. Such cooling
devices include a radiator cap detachably provided for replen-
1shing coolant to a coolant system, a pressure-regulating
valve including a high-pressure valve and a low-pressure
valve provided with the radiator cap for adjusting a pressure
of coolant 1n the cooling system, and a reservoir tank fluidly
connected with the radiator cap.

An example of such cooling device for a water-cooled
internal combustion engine 1s disclosed 1n the Japanese Patent
Document JP-A-2007-2678.

According to the cooling device for the water-cooled inter-
nal combustion engine, as disclosed 1n the Japanese Patent
Document JP-A-2007-2678, when cooling-water pressure
inside the cooling system becomes equal to or greater than a
predetermined value, the high-pressure valve of the radiator
cap 1s released and coolant from the cooling system 1s dis-
charged into the reservoir tank. Hence, cooling-water pres-
sure 1nside the cooling system 1s lowered so as to prevent the
coolant pressure from being elevated to a predetermined
value or more.

Further, when a temperature of coolant in the cooling sys-
tem 1s lowered and the cooling-water pressure inside of the
cooling system 1s lowered to a predetermined value or below
the predetermined value, the lower pressure valve of the
radiator cap 1s released. Hence, coolant inside the reservoir
tank flows 1n the cooling system so as to possibly prevent the
cooling-water pressure mside the cooling system from being
lowered to the predetermined value or below the predeter-
mined pressure.

With respect to the cooling device of the water-cooled
internal combustion engine according to the Japanese Patent
Document JP-A-2007-2678, when a vehicle 1s stopped for a
long time 1n an 1dling state after performing a normal opera-
tion, the cooling ability of the radiator 1s largely lowered due
to the absence of traveling wind.

Hence, dueto absence of traveling wind, temperature of the
coolant 1s elevated, and the coolant pressure 1mnside the cool-
ing system 1s also elevated. When pressure of coolant is
clevated to a value greater than or equal to a predetermined
value, the high-pressure valve of the radiator cap 1s released,
and coolant 1s discharged from the radiator to the reservoir
tank.

When the motorcycle 1s operated to travel thereatter, the
radiator 1s suificiently cooled by the traveling wind such that
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the temperature of coolant 1s lowered. When pressure of
coolant 1nside the cooling system 1s lowered to a value less
than or equal to a predetermined value, the low-pressure valve
of the radiator cap 1s released, and coolant returns to the
cooling device from the reservoir tank.

However, 1n the system as disclosed 1in the Japanese Patent
Document JP-A-2007-2678, the radiator cap 1s arranged
upstream of the radiator. Accordingly, even when a quantity
of coolant 1nside the cooling system 1s decreased, coolant 1n
the cooling system 1s not suificiently replenished since cool-
ant which flows upstream of the radiator 1s pressurized by the
water pump.

Accordingly, the pressure of coolant which flows in the
vicinity of the radiator cap 1s higher than the pressure of
coolant disposed over (circulated through) the whole cooling
system. Hence, it 1s difficult for coolant to return to the cool-
ing device when the motorcycle 1s 1n a traveling state.

The present invention has been made to overcome such
drawbacks as discussed above. Accordingly, 1t 1s one of the
objects of the present invention to provide a cooling system
for a water-cooled internal combustion engine which can
rapidly return coolant to the engine as needed, even when a

motorcycle 1s 1n a traveling state, thus enhancing the cooling
performance of the cooling system.

SUMMARY OF THE INVENTION

In order to achieve above objects, the present invention
according to a first aspect thereof provides a cooling device
(cooling system) for a water-cooled internal combustion
engine 1n which a coolant tlow circuit of the internal combus-
tion engine 1s formed of a water pump which discharges
coolant, an internal combustion engine coolant flow passage
which cools the imnternal combustion engine using the coolant,
a radiator which cools the coolant, an o1l cooler which cools
a lubrication o1l using the coolant, and a plurality of coolant
flow passages which 1s communicably connected with each
other for allowing the tlow of coolant, a pressure-regulating
valve 1s interposed 1n the coolant tlow circuait.

The pressure-regulating valve supplies (or discharges)
coolant when pressure of the coolant assumes a predeter-
mined value. The pressure-regulating valve 1s fluidly con-
nected with a reservoir tank which stores coolant recerved via
a coolant overtlow passage (also referred as an overtlow
tube).

In addition, the first aspect 1s characterized 1n that, a cool-
ant return passage which supplies coolant to the coolant tlow
circuit from the reservoir tank 1s provided separate from the
coolant overtlow passage. The coolant return passage 1s con-
nected with the coolant flow circuit via a check valve (a
one-way valve) which allows coolant to flow only from the
reservolr tank to the coolant tlow circuit.

The present invention according to a second aspect thereof,
in addition to the first aspect, 1s characterized in that the
coolant flow circuit includes a main tlow passage having a
flow path (also referred as a flow passage).

During a normal operation of the engine, the flow path
allows coolant after being discharged from the water pump
return to the water pump after passing through a lubrication
o1l cooling passage and through a series of elements 1n an
order, 1.¢., a water jacket of the internal combustion engine, a
thermostat, the pressure-regulating valve and the radiator. In
other words, the main flow passage includes a tluidly con-
nected series network of a water jacket of the internal com-
bustion engine, a thermostat, the pressure-regulating valve
and the radiator.
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The present invention according to the second aspect
thereot 1s also characterized in that the coolant 1s branched

after 1t 1s discharged from the water pump. The coolant passes
through an o1l cooler of the o1l cooler and returns to the water
pump.

The coolant return passage 1s connected with the lubrica-
tion o1l cooling passage after passing the o1l cooler, 1.e., the
coolant return passage 1s connected with the lubrication o1l
cooling passage at a downstream side of the o1l cooler.

The present invention according to a third aspect thereof, in
addition to one of the first and second aspects, 1s characterized
in that, the check valve 1s arranged at a position below a
coolant liquid level 1n the reservoir tank, and below a position
where the coolant flow circuit and the coolant return passage
are connected with each other.

The present invention according a fourth aspect thereof, in
addition to one of the first through third aspects, 1s character-
1zed 1n that a passage of the coolant return passage arranged
closer to a reservorlr tank side than a passage of the coolant
return passage arranged closure to the check valve 1s made of
a flexible matenial.

ADVANTAGE OF THE PRESENT INVENTION

When the vehicle having a water-cooled internal combus-
tion engine mounted thereon 1s stopped and 1s 1n an 1dling
state, or when an output of the internal combustion engine 1s
largely increased 1n spite of a fact that a traveling speed of the
vehicle 1s remarkably lowered due to the traveling of the
vehicle on a steep ascending slope, the cooling ability of the
radiator becomes insuilicient. Hence, the temperature of
coolant 1n the cooling system for the internal combustion
engine 1s elevated whereby the coolant pressure inside the
cooling system exceeds a predetermined pressure.

According to the present invention as described 1n the first
aspect, when the coolant pressure inside the cooling system
exceeds a predetermined value, the pressure-regulating valve
1s released, and a portion of coolant inside the cooling system
1s discharged to the reservoir tank so that the coolant pressure
of the cooling system 1s held at a desirable predetermined
pressure or at a pressure below the predetermined pressure.

Further, when the vehicle assumes a usual (normal) run-
ning state from an 1dling state or when the vehicle descends a
slope for a long time after ascending a steep slope, the cooling
ability of the radiator 1s increased or the output of the water-
cooled internal combustion engine 1s lowered.

Hence, temperature of coolant in the cooling system 1s
lowered whereby the pressure of coolant in the cooling sys-
tem 1s lowered to a value equal to or less than the predeter-
mined pressure. In such a case, the check valve arranged in the
coolant return passage 1s released, and hence, coolant 1nside
the reservoir tank flows into the coolant flow circuit via the
coolant return passage.

In this manner, also during the traveling of the motorcycle,
it 1s possible to speedily return coolant inside the coolant
circulation system from the reservoir tank. Therefore, the
cooling performance of the cooling system of the present
invention can be enhanced.

According to the mvention as described in the second
aspect thereot, the coolant return passage 1s connected with
the lubrication o1l cooling passage 1 which coolant flows
alter passing the oil cooler where the pressure of coolant
becomes lowest 1n the coolant system. In other words, the
coolant return passage 1s connected with the lubrication oil
cooling passage at a downstream side of the o1l cooler. By
making use of pressure difference, 1t 1s possible to more
speedily return coolant inside the coolant circulation system
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from the reservoir tank. Therefore, the cooling performance
of the cooling device can be further enhanced.

According to the imvention ad described 1n the third aspect
thereof, the check valve 1s arranged at a position below a
coolant liquid level 1n the reservoir tank and below a position
where the coolant flow circuit and the coolant return passage
are connected with each other.

Accordingly, during filling coolant 1n the coolant flow cir-
cuit, 1t 1s possible to easily perform bleeding of air between
the check valve and a position where the coolant flow circuit
and the coolant return passage are connected with each other,
and to easily {ill coolant in the coolant flow circuit.

According to the invention as described 1n the fourth aspect
thereol, a passage (a portion) of the coolant return passage
arranged closer to a reservoir tank side than that 1s arranged at
a check valve side 1s made of the flexible material. Accord-
ingly, during filling coolant 1n the coolant flow circuit, 1t 1s
possible to close the portion of the coolant return passage
using a clip or the like to prevent intlow of air into the coolant
flow circuit from the reservoir tank thus facilitating the filling
of coolant 1n the cooling system.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 1s a side view of a motorcycle on which a water-
cooled internal combustion engine 1including a cooling sys-
tem according to the present invention 1s mounted.

FIG. 2 1s an enlarged perspective view of an essential part
of the present invention shown in FIG. 1.

FIG. 3 1s a view showing a flow path of coolant 1n a
cooling-water circulation passage during warming up the
water-cooled mternal combustion engine.

FIG. 4 1s a view showing a flow path of coolant 1n the
cooling-water circulation passage during a normal operation
of the water-cooled 1nternal combustion engine.

FIG. § 1s a view showing a flow path of coolant in the
cooling-water circulation passage in a state when an internal
pressure of the cooling system of the water-cooled internal
combustion engine 1s elevated.

FIG. 6 1s a view showing a flow path of coolant 1n the
cooling-water circulation passage 1n a state when the internal
pressure of the cooling system of the water-cooled internal
combustion engine 1s lowered.

FIG. 7 1s a view showing a cooling-water circulation pas-
sage 1n a second embodiment.

FIG. 8 1s a view showing a cooling-water circulation pas-
sage 1n a third embodiment.

FIG. 9 1s a view showing a cooling-water circulation pas-
sage 1n a fourth embodiment.

(Ll

DETAILED DESCRIPTION OF ILLUSTRATIV.
EMBODIMENTS

It should be understood that only structures considered
necessary for illustrating selected embodiments of the present
invention are described herein. Other conventional structures,
and those of ancillary and auxiliary components of the sys-
tem, will be known and understood by those skilled 1n the art.

An 1llustrative embodiment of a cooling system for a water-
cooled mternal combustion engine, shown 1n FIG. 1 through
FIG. 6, will now be described with reference to the drawings.

As shownin FIG. 1, a 4-cycle spark-1gnition multi-cylinder
in-line water-cooled internal combustion engine 2 1s mounted
on a substantially central portion of a vehicle body of a
motorcycle 1. As shown in FIG. 2, 1n order to provide cooling
to the internal combustion engine 2, a water jacket 5 1s formed
inside a cylinder block 3 and a cylinder head 4 of the engine
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2. The water jacket 5 1s made up of a plurality of intercon-
nected flow passages formed 1n the cylinder block 3 and the
cylinder head 4.

As shown 1n FIG. 2, a water pump 10 1s arranged at a rear
portion of the engine 2, and an impeller 11 of the water pump
10 1s operatively connected with a crankshatt (not shown) of
the water-cooled internal combustion engine 2.

When the impeller 11 of the water pump 10 1s driven during,
operation of the engine 2, cooing water 1s supplied to the
water jacket 5 of the engine 2 via a water pump discharge
passage 12 and an engine coolant passage ilet 6.

Further, the water pump discharge passage 12 and a water
pump 1ntake passage 13 of the water pump 10 are connected
with each other via an oil-cooler coolant inflow hose 14 (also
referred as a lubrication o1l cooling passage 14 ), an o1l cooler
15 and an oi1l-cooler coolant outflow hose 16. A portion of
coolant discharged from the water pump 10 passes through
the o1l-cooler coolant inflow hose 14, the o1l cooler 15 and the
o1l-cooler coolant outflow hose 16, and thereafter, outflows to
the water pump intake passage 13. O1l passing through the o1l
cooler 15 1s cooled by coolant which passes through an inter-
nal heat exchanger therein.

Further, coolant flowing 1n through the engine coolant pas-
sage 1let 6 of the engine 2 1s fed to the water jacket S which
constitutes a plurality of respective coolant flow passages of
the cylinder block 3 and the cylinder head 4 of the engine 2.
The coolant flow passages may be interconnected with each
other.

Thereatfter, coolant 1s fed to a thermostat 18 from an engine
coolant passage outlet 7 of the water jacket 5 via an engine
coolant outtlow hose 17.

Here, when a temperature of coolant, which passes the
engine coolant outflow hose 17, has a value greater than or
equal to a predetermined target temperature, coolant from the
engine coolant outtlow hose 17 1s fed to a radiator 30 from the
thermostat 18 via a radiator coolant mnflow hose 19 and a
radiator cap 20. In the radiator 30, the heat exchange 1s per-
formed between coolant and air.

Further, the radiator 30 includes a radiator core 31, a ver-
tically elongated upstream tank 32 and a vertically elongated
downstream tank 33. The radiator core 31 includes a large
number of tubes (not shown) arranged 1n a laterally horizontal
direction and equidistantly spaced 1n a vertical direction. The
radiator core 31 also includes a plurality of corrugated fins
penetrating the tubes 1n the vertical direction and integrally
joined to the tubes. The vertically elongated upstream tank 32
1s connected with right ends of the respective tubes of the
radiator core 31, and the vertically elongated downstream
tank 33 1s connected with left ends of the respective tubes of
the radiator core 31.

A cooling fan 34 for blowing air to the radiator core 31 1s
arranged behind the radiator core 31 of the radiator 30.

Further, 1n the cooling system of the present invention, a
vertically elongated reservoir tank 24 1s arranged close to the
upstream tank 32 on a right side, a pressure-regulating valve
21 1s provided to the radiator cap 20, and an outlet of the
pressure-regulating valve 21 1s communicably connected
with a bottom portion of the reservoir tank 24 via an overtlow
tube 23 (also referred as coolant overflow passage 23).

Further, a portion of the overtlow tube 23 1n the vicinity of
the reservoir tank 24 and the oil-cooler coolant outtlow hose
16 are communicably connected with each other using a
reservolr tank side coolant recirculation tube 25 and a cool-

ing-water-pump-side coolant recirculation tube 27 made of a
flexible material such as a rubber material and a check valve

26.
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The checkvalve 1s disposed between the reservoir tank side
coolant recirculation tube 25 and cooling-water-pump-side
coolant recirculation tube 27. Due to the provision of the
check valve 26, coolant flows 1n only one direction from the
reservolr tank side coolant recirculation tube 25 to the cool-
ing-water-pump-side coolant recirculation tube 27.

Further, as shown 1n FIG. 1, the check valve 26 1s arranged
at a position below a coolant level inside the reservoir tank 24
as well as at a position below a position where the oil-cooler
coolant outflow hose 16 and the water pump 1ntake passage
13 are connected with each other.

The pressure-regulating valve 21 of the radiator cap 20
includes a high-pressure valve and a low-pressure valve. It
may be noted that the low-pressure valve 1s optional, and 1t 1s
not always necessary to provide the low-pressure valve.
When the pressure of the cooling system (e.g., pressure of
coolant 1n the mtlow hose 19) 1s elevated to a value greater
than or equal to a predetermined upper pressure value, the
pressure-regulating valve 21 1s released so that coolant flows
into the reservoir tank 24 through the overtlow tube 23 con-
nected with the radiator cap 20.

On the other hand, when the pressure of the cooling system
1s lowered to a value less than or equal to a predetermined
lower pressure value, coolant from the reservoir tank 24 flows
into the water pump intake passage 13 via the overtlow tube
23, the reservoir tank side coolant recirculation tube 25, the
check valve 26, the cooling-water-pump-side coolant recir-
culation tube 27, and the oil-cooler coolant outflow hose 16.
Accordingly, the cooling system 1s replenished with coolant,
whereby the pressure of cooling system 1s adjusted to a desir-
able predetermined value or more.

The embodiment of the present invention as shown 1n FIG.
1 to FIG. 6 1s constituted as described above.

Accordingly, immediately after the engine 2 1s started and
the coolant 1s not sufficiently warmed up, as shown in FIG. 3,
a low-temperature outflow port 18a of the thermostat 18 1s
opened. The coolant which passes through the water jacket 5
of the engine 2 1s not supplied to the radiator 30 and tflows 1n
the water pump 10 from the low-temperature outtlow port 18a
via a bypass hose 22, and 1s fed to the water jacket S of the
engine 2. Accordingly, the engine 2 can be rapidly warmed
up.

Further, as shown 1n FIG. 4, when the engine 2 1s continu-
ously driven so that the temperature of coolant 1s elevated to
a temperature greater than or equal to a predetermined tem-
perature, and when the thermostat 18 detects such high tem-
perature of coolant, the low-temperature outflow port 18a of
the thermostat 18 1s closed and a high-temperature outtlow
port 185 of the thermostat 18 1s opened.

When high-temperature outtlow port 185 of the thermostat
18 1s opened, the engine coolant outtlow hose 17 and the
radiator coolant intlow hose 19 are communicated with each
other. Accordingly, coolant heated by the engine 2 flows inthe
radiator 30 via of the radiator cap 20. The radiator 30 cools the
coolant.

When the motorcycle 1 1s stopped for a long time 1n an
1dling state after performing a normal operation, a traveling
wind does not pass through the core 31 of the radiator 30. In
such situation, the radiator 30 1s cooled by an air flow (cooling
wind) generated only by the cooling fan 34. Accordingly, the
cooling ability of the radiator 30 1s lowered, and as a result,
temperature of coolant 1s elevated.

Then, when an internal pressure of the cooling system 1s
clevated to a high pressure having a value greater than or
equal to a predetermined value due to increase in temperature
of the coolant, as shown in FIG. §, the pressure-regulating
valve 21 provided to the radiator cap 20 1s released. Upon
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release of the pressure-regulating valve, coolant flows 1n the
reservolr tank 24 via the overtlow tube 23. Accordingly, 1t 1s
possible to prevent the abnormal increase 1n pressure of cool-
ant 1n the cooling system of the internal combustion engine 2.

Thereafter, when the motorcycle 1 1s operated to move, 1.¢.,
starts traveling again, coolant 1s sufficiently cooled by trav-
cling wind which passes through the radiator core 31 of the
radiator 30 so that temperature of the coolant 1s lowered.
Accordingly, coolant 1s condensed thus lowering pressure of
the cooling-water inside the coolant system.

Here, as shown 1n FIG. 6, the oil-cooler coolant outflow
hose 16 1s connected with a downstream side of the water
pump 10 via the water pump intake passage 13. Accordingly,
pressure of the cooling-water inside the oil-cooler coolant
outtlow hose 16 1s particularly lowered.

Accordingly, when the difference in pressure between
coolant inside the reservoir tank 24 and coolant mside the
o1l-cooler coolant outflow hose 16 1s increased, the check
valve 26 1s opened so that coolant from the reservoir tank 24
flows to the water pump 10 via the overflow tube 23, the
reservoir tank side coolant recirculation tube 25, the check
valve 26, the cooling-water-pump-side coolant recirculation
tube 27, the oi1l-cooler coolant outflow hose 16 and the water
pump 1ntake passage 13. In this manner, the cooling system of
the motorcycle 1 1s replenished with coolant. Therefore, 1t 1s
possible to return coolant to the coolant system efficiently.

Accordingly, due to the difference in pressure between
coolant inside the reservoir tank 24 and coolant inside the
o1l-cooler coolant outflow hose 16, 1t 1s possible to smoothly
return coolant to the cooling system and hence, the cooling
performance of the cooling device can be enhanced.

Further, the check valve 26 1s arranged at a position below
a coolant level mside the reservoir tank 24 and at a position
below a position where the oil-cooler coolant outtlow hose 16
and the water pump intake passage 13 are connected with
cach other. Therefore, 1t 1s possible to easily replenish coolant
into the cooling device without leaving air inside the cooling-
water-pump-side coolant recirculation tube 2 by filling cool-
ant 1n the cooling system.

Further, the reservoir tank side coolant recirculation tube
25 and the cooling-water-pump-side coolant recirculation
tube 27 are made of the flexible material such as a rubber
matenal. Therefore, during filling coolant 1n the cooling sys-
tem, 1t 1s possible to close the reservoir tank side coolant
recirculation tube 25 using a clip or the like. Since it 1s
possible to prevent bleeding of air into the reservoir tank side
coolant recirculation tube 25 from a reservoir tank 24 side, the
cooling system can be easily replenished with coolant.

In the embodiment explained 1n conjunction with FIG. 1 to
FIG. 6, one end of the cooling-water-pump-side coolant recir-
culation tube 27 1s connected with the oil-cooler coolant
outtlow hose 16. However, 1n an embodiment of the present
invention, as shown i FIG. 7, one end of the cooling-water-
pump-side coolant recirculation tube 27 may be directly con-
nected with the water pump intake passage 13.

Further, in another embodiment, as shown 1n FIG. 8, a
thermostat 35 1s arranged between a downstream tank 33 of a
radiator 30 and a water pump 10. The thermostat 35 includes
an outflow port 35a, a high-temperature intlow port 3556
which 1s communicably connected with the outflow port 354
when coolant assumes a high temperature, and a low-tem-
perature inflow port 35¢ which 1s communicably connected
with the outtlow port 35a when coolant assumes a low tem-
perature.

The high-temperature inflow port 3556 of the thermostat 35
may be connected with the downstream tank 33, and one end
of the bypass hose 22 may be connected with the low-tem-
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perature itlow port 35¢ of the thermostat 35. At the same
time, another end of the bypass hose 22 may be connected
with an intermediate portion of the radiator coolant inflow
hose 19, and the outflow port 35a of the thermostat 35 may be
connected with the water pump intake passage 13 of the water
pump 10.

Accordingly, 1n the embodiment as shown 1n FIG. 8, when
coolant 1s not suifficiently warmed up, the low-temperature
inflow port 35¢ and the outtlow port 35aq are communicably
connected with each other due to the thermostat 35, and
coolant flows 1n the bypass hose 22 without passing through
the radiator 30 so as to rapidly warm up the engine 2.

When the engine 2 1s continuously operated and coolant 1s
suificiently warmed up, the high-temperature intlow port 355
and the outtlow port 35a are communicably connected with
cach other such that coolant passes through radiator 30 with-
out passing through the bypass hose 22. The coolant 1s cooled
in the radiator.

Further, 1in the embodiment explained 1n conjunction with
FIG. 1 to FIG. 6, the reservoir tank side coolant recirculation
tube 25 1s branched from the overtlow tube 23. However 1in an
embodiment of the present invention, as shown in FI1G. 9, the
reservolr tank side coolant recirculation tube 25 may be
directly connected with the reservoir tank 24.

Although the present invention has been described herein
with respect to anumber of specific 1llustrative embodiments,
the foregoing description 1s intended to illustrate, rather than
to limait the invention. Those skilled 1n the art will realize that
many modifications of the illustrative embodiment could be
made which would be operable. All such modifications,
which are within the scope of the claims, are intended to be
within the scope and spirit of the present invention.

What 1s claimed 1s:

1. In a water-cooled internal combustion engine of the type
including a coolant flow circuit for circulating coolant used to
cool the internal combustion engine, said coolant tlow circuit
including a water jacket formed 1n the mternal combustion
engine and comprising a plurality of coolant flow passages
which are communicably connected with each other for
allowing flow of the coolant, a water pump for discharging
coolant to the water jacket for cooling the internal combustion
engine using the coolant, a radiator which cools the coolant,
an o1l cooler for cooling a lubrication o1l using the coolant
received from the water pump, a coolant overtlow passage
operatively connected with the coolant flow circuit, a reser-
volr tank operatively connected with said coolant overtlow
passage, the reservoir tank arranged to store the coolant
received via the coolant overflow passage, and a pressure
regulating valve interposed in the coolant flow circuit and
operatively connected with the reservoir tank via said coolant
overflow passage, wherein said pressure regulating valve dis-
charges the coolant from the coolant flow circuit to the res-
ervoir tank via the coolant overtlow passage when pressure of
the coolant 1n the coolant flow circuit reaches a predetermined
value;

the improvement comprising a coolant return passage for

supplying coolant to the coolant flow circuit from the
reservolr tank, said coolant return passage having a
check valve interposed therein, wherein said coolant
return passage 1s branched off from the coolant overtlow
passage; and

wherein said coolant return passage 1s connected with the

coolant flow circuit such that the coolant flows 1n one
direction via said check valve from the reservoir tank to
the coolant tlow circuait.

2. A water-cooled internal combustion engine according to
claim 1, wherein:
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the coolant flow circuit includes a main flow passage
formed of a flow path;

during normal operation of the engine, the flow path allows
coolant, after being discharged from a water pump
return to the water pump aiter passing through the cool-
ing portion of the mnternal combustion engine, a thermo-
stat, the pressure regulating valve and the radiator in
such an order, and a lubrication o1l cooling passage;

further, during normal operation of the engine, coolant
discharged from the water pump 1s branched such that a
portion of the branched coolant passes through the o1l
cooler and returns to the water pump; and

the coolant return passage 1s connected with the lubrication
o1l cooling passage at a downstream side of the oil
cooler.

3. A water-cooled internal combustion engine according to
claim 2, wherein said check valve 1s arranged at a position
below a coolant liquid level in the reservoir tank and at a
position below where the coolant flow circuit and the coolant
return passage are connected with each other.

4. A water-cooled mnternal combustion engine according to
claim 2, wherein the coolant return passage includes a reser-
volr tank side passage having a portion thereof, which 1s
arranged closer to a reservoir tank side than a check valve
side, made of a flexible material.

5. A water-cooled internal combustion engine according to
claim 1, wherein said check valve 1s arranged at a position
below a coolant level 1n the reservoir tank, and at a position
below where the coolant flow circuit and the coolant return
passage are connected with each other.

6. A water-cooled internal combustion engine according to
claim 5, wherein the coolant return passage includes a reser-
volr tank side passage having a portion thereof, which 1s
arranged closer to a reservoir tank side than a check valve
side, made of a flexible material.

7. A water-cooled mnternal combustion engine according to
claim 1, wherein the coolant return passage includes a reser-
volr tank side passage having a portion thereof, which 1s
arranged closer to a reservoir tank side than a check valve
side, made of a flexible material.

8. An internal combustion engine having a cooling system,
said internal combustion engine comprising,

a coolant flow circuit for providing cooling to the internal

combustion engine and an o1l cooler; and

a coolant return passage operatively connected with the
coolant flow circuit;

wherein said coolant flow circuit 1s formed of:

a water jacket formed 1n a cylinder block and a cylinder
head of the engine;

an 01l cooler which cools a lubrication o1l using the coolant
received from the water pump;

a water pump for discharging coolant to the water jacket
and the o1l cooler:

a radiator which cools the coolant;

a plurality of coolant flow passages which are communi-
cably connected with each other for allowing the flow of
coolant;

a coolant discharge passage operatively connected with
one of said plurality of passages;

a reservolr tank fluidly connected with said one of said
plurality of flow passages via said coolant discharge
passage; the reservoir tank operable to store the coolant
received via the coolant overflow passage;

a pressure regulating valve interposed in said one of said
plurality of the passages and operatively connected with
the reservolr tank, said pressure regulating valve dis-
charges the coolant from said one of said plurality of
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coolant flow passages to the reservoir tank via a coolant
discharge passage when pressure of the coolant 1n said
one of said plurality of passages 1s greater than or equal
to a predetermined value; and

wherein

said coolant return passage comprises

a check valve interposed 1n said coolant return passage;
and
wherein said coolant return passage 1s branched off from
the coolant discharge passage; and
wherein said coolant return passage 1s connected with one
of said plurality of passages of the coolant flow circuit
such that the coolant flows in one direction via said
check valve from the reservoir tank to the coolant flow
circuit.

9. An internal combustion engine according to claim 8,
wherein
the coolant flow circuit includes a tflow path;
during normal operation of the engine, the flow path allows
coolant, after being discharged from the water pump.,
return to the water pump aiter passing through the cool-
ing portion of the mterns combustion engine, a thermo-
stat, the pressure regulating valve and the radiator in
such an order, and a lubrication o1l cooling passage;

turther, during normal operation of the engine, coolant
discharged from the water pump 1s branched such that
the branched coolant passes through the o1l cooler and
returns to the water pump via said lubrication o1l cooling
passage; and

the coolant return passage 1s connected with the lubrication

01l cooling passage at a downstream side of the oil
cooler.

10. An mnternal combustion engine according to claim 9,
wherein said check valve 1s arranged at a position below a
coolant level 1n the reservoir tank and at a position below
where the coolant flow circuit and the coolant return passage
are connected with each other.

11. An 1nternal combustion engine according to claim 9,
wherein the coolant return passage includes a reservoir tank
side passage having a portion thereof, which 1s arranged
closer to a reservoir tank side than a check valve side, made of
a flexible matenal.

12. An internal combustion engine according to claim 8,
wherein said check valve 1s arranged at a position below a
coolant liqud level 1n the reservoir tank and at a position
below where the coolant flow circuit and the coolant return
passage are connected with each other.

13. An mternal combustion engine according to claim 12,
wherein the coolant return passage includes a reservoir tank
side passage having a portion thereof, which 1s arranged
closer to a reservoir tank side than a check valve side, made of
a flexible material.

14. An internal combustion engine according to claim 8,
wherein the coolant return passage includes a reservoir tank
side passage having a portion thereof, which 1s arranged
closer to a reservoir tank side than a check valve side, made of
a flexible matenal.

15. A motorcycle comprising

an mternal combustion engine having a plurality of inter-

connected cooling portions formed therein;

an o1l cooler having a cooling portion formed therein; and

a cooling system for cooling the internal combustion

engine and the o1l cooler during operation thereof;
wherein said cooling system comprises

a water pump flumidly connected, via a discharge passage

thereof, with said plurality of interconnected cooling
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portions of the internal combustion engine and said
cooling portion of the o1l cooler;
a radiator fluidly connected with an intake passage of
said water pump;

said radiator, during operation thereol, being operable to
perform heat exchange between air, and coolant
received from the plurality of cooling portions via an
outtlow hose of the engine, a radiator inflow hose and a
radiator cap;

a pressure regulating valve provided with said radiator cap;

a reservolr tank fluidly connected with said pressure regu-
lating valve via an overtlow tube;

a coolant return passage fluidly connecting said reservoir
tank with said intake passage of said water pump; and

a one-way check valve disposed 1n the coolant return pas-
sage;

wherein:

said pressure regulating valve discharges a portion of cool-
ant to the reservoir tank via said overflow tube when
pressure ol the coolant i1n the radiator intflow hose
reaches a predetermined value;

when said coolant return passage supplies coolant from the
reservolr tank to the intake passage of said water pump
depending on a pressure difference between coolant 1n
said 1ntake passage of said water pump and coolant 1n
said reservoir tank; and
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said coolant return passage 1s branched off from the over-

flow tube.

16. A motorcycle according to claim 15, wheremn said
one-way check valve allows coolant to flow 1n one direction
from the reservoir tank to the intake passage of said water
pump.

17. A motorcycle according to claim 15, wheremn said
check valve 1s arranged at a position below a coolant level 1n
the reservoir tank and at a position below where the coolant
return passage 1s connected with the intake passage of the
water pump.

18. A motorcycle according to claim 15, wherein the radia-
tor comprises a downstream tank and an upstream tank; and
wherein the cooling system further comprises a thermostat
disposed between the downstream tank and the intake pas-
sage ol the water pump.

19. A motorcycle according to claim 15, wheremn said
coolant return passage comprises a water pump side passage
and a reservoir tank side passage; and wherein at least one of
said water pump side passage and said reservolr tank side
passage reservoir tank side passage 1s made of a flexible
material.

20. A motorcycle according to claim 19, wherein one end
of said water pump side passage 1s directly connected with the
intake passage of said water pump.
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